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Ceuta is one of the most interesting fields in Venezuela. 
Located in Lake Maracaibo, this field has an average daily 
production of approximately 20,000 STB/D. There are problems 
of deposition of scale and asphaltene and fine migration or 
sand production.
Taking into account the problems mentioned above and 
realizing that this is an Eocene formation ( B-Lower ), an 
optimum completion design must be created using underbalanced 
perforation in order to minimize the formation damage. 
Underbalanced perforation is the technique where a pressure 
differential toward the wellbore is created in order to use 
the natural energy of the reservoir to clean up the formation 
and perforations.
After doing the respective calculations, it was 
determined that the optimum perforation system should be a 
high density, deep penetration. The optimum shot density and 
penetration depth are 8 shots per foot and 12 inches, 
respectively. This is necessary in order to keep the 
productivity ratio ( ratio of the perforation flow over the 
flow of an ideal perforation ) above one ( 1 ) even under the 
worst condition of having 2/3 of the perforations plugged by 
fines, asphaltene, scale or sand(1). Also, this shot density
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will allow the well to be under laminar flow regime, 
minimizing either the sand or fine production. In order to 
achieve this task, the nomogram ( Figure A 1 ) developed by 
Locke(2> was used.
After selecting the perforation system, the formation 
must be perforated with underbalanced conditions, using a 
clean completion fluid in order to minimize the formation 
damage.
For each well, the underbalanced pressures were 
calculated according to the methodology mentioned in this 
study, taking into account that this is a consolidated 
formation, and considering the collapse pressure of the 
production casing and tubing. To calculate these pressures 
two safety factors were used: 80% of the collapse pressure 
for new casing or tubing and 50% for old ones.
Establishing this methodology as a common completion 
practice will enable us to minimize the stimulation and 
cleaning jobs. This will result in a saving of money and 
time because it will not be necessary to shut-in the well 











CONCLUSIONS......   3
RECOMMENDATIONS.................................................. 5
BRIEF RESERVOIR DESCRIPTION.....................................6
BRIEF REVIEW OF THE RESERVOIR WELLS............................13
PROCESS OF THE OPTIMUM COMPLETION
DESIGN USING UNDERBALANCED PERFORATION...........  41
CALCULATION OF UNDERBALANCED PRESSURE
FOR CONSOLIDATED FORMATIONS.............................  48
CALCULATION OF UNDERBALANCED PRESSURE










A 1 NOMOGRAM TO DETERMINE PRODUCTIVITY RATIO............. 59
A 2 LOCATION MAP............................................. 60
A 3 GENERALIZED STRATIGRAPHIC COLUMN...................... 61
A 4 TYPICAL ELECTRICAL LOG................................. 62
A 5 PERMEABILITY/POROSITY CROSSPLOT....................... 63
A 6 HISTORICAL PRESSURE PERFORMANCE....................... 64
A 7 HISTORICAL PRODUCTION PERFORMANCE.....................65
A 8 STRUCTURAL MAP...........................................66
A 9 NOMOGRAM FOR DETERMINING PERFORATION
SKIN FACTOR............................................. 67
A 10 NOMOGRAM FOR DETERMINING Sd............................68
A 11 UNDERBALANCE PRESSURE USING
FORMATION PERMEABILITY  ..........................69
A 12 UNDERBALANCE PRESSURE USING
DENSITY LOG DATA....................................... 70
A 13 UNDERBALANCE PRESSURE USING
SONIC LOG DATA..........................................71
A 14 VLG-3693 PRODUCTION HISTORY........................... 72
A 15 VLG-3707 PRODUCTION HISTORY................  73
A 16 VLG-3710 PRODUCTION HISTORY........................... 74
A 14 VLG-3714 PRODUCTION HISTORY........................... 75
A 18 VLG-3715 PRODUCTION HISTORY........................... 76
ER—4157
FIGURE PAGE
A 19 VLG-3718 PRODUCTION HISTORY...........................77
A 20 VLG-3719 PRODUCTION HISTORY...........................78
A 21 VLG-3724 PRODUCTION HISTORY...........................79
A 22 VLG-3727 PRODUCTION HISTORY...........................80
A 23 VLG-3728 PRODUCTION HISTORY...........................81
A 24 VLG-3730 PRODUCTION HISTORY...........................82
A 25 VLG-3733 PRODUCTION HISTORY...........................83
A 26 VLG-3736 PRODUCTION HISTORY...........................84
A 27 OIL/WATER RELATIVE PERMEABILITY.......................85
A 28 GAS/LIQUID RELATIVE PERMEABILITY......................86





B 1 PRODUCTION HISTORY WELL No..VLG-3693................ 88
B 2 PRODUCTION HISTORY WELL No..VLG-3707................ 89
B 3 PRODUCTION HISTORY WELL No..VLG-3710................ 90
B 4 PRODUCTION HISTORY WELL No..VLG-3714................ 91
B 5 PRODUCTION HISTORY WELL No..VLG-3715................ 92
B 6 PRODUCTION HISTORY WELL No..VLG-3718................ 93
B 7 PRODUCTION HISTORY WELL No..VLG-3719................ 94
B 8 PRODUCTION HISTORY WELL No. VLG-3724................ 95
B 9 PRODUCTION HISTORY WELL No. VLG-3727................ 96
B 10 PRODUCTION HISTORY WELL No. VLG-3728................ 98
B 11 PRODUCTION HISTORY WELL No. VLG-3730................ 99
B 12 PRODUCTION HISTORY WELL No. VLG-3733............... 101
B 13 PRODUCTION HISTORY WELL No. VLG-3736............... 102
B 14 BASIC RESERVOIR CHARACTERISTICS......................104
B 15 PVT FLUID ANALYSIS  ........................... 105
B 16 OIL/WATER RELATIVE PERMEABILITY......................106
B 17 GAS/LIQUID RELATIVE PERMEABILITY.....................107
B 18 CAPILLARY PRESSURE CURVE DATA.......  108
B 19 PERFORATING PARAMETER GUIDELINE......................109




B 21 FLOW REGIME CALCULATIONS..............................118
B 22 EVALUATION OF ACTUAL PERFORATIONS................... 122
B 23 EVALUATION OF PROPOSED PERFORATIONS................. 123
B 24 UNDERBALANCE PRESSURE F.OR CONSOLIDATED
FORMATIONS............................................. 124
B 25 SONIC AND DENSITY LOG DATA........................... 128
B 26 UNDERBALANCE PRESSURE USING SONIC
DENSITY LOG DATA...................................... 131
B 27 UNDERBALANCE PRESSURE USING GRAPHICAL
METHOD..................................................135
B 28 UNDERBALANCE PRESSURE USING EXXON
EQUATION...................................  139
B 29 WELL PRODUCTION HISTORY SUMMARY..................... 144
ER-4157
ACKNOWLEDGEMENTS 
With sincere gratitude I would like to thanks Prof. 
Donald G. Davis for his teaching and making me see things 
in a very simple way. I would like to thank Prof. Ramona 
Graves for her PE-508, one of the best courses, and I would 
to thank Prof. Stephen Marinello for his enthusiasm.
I want to thank Maraven S.A for giving me this great 
opportunity and finally I want to thank Colorado School of 
Mines and the Petroleum Engineering Department personnel for 
helping me to achieve this wonderful goal. I also want to 










Oil and gas well completions must be designed to 
minimize future workovers and maximize the productive 
life of the reservoir. An optimum completion is the one 
in which the following selections are made: the best and 
most efficient perforating system, charges, guns, phase, 
perforation diameter, shot density and any other component 
of the completion/production system that might be optimized 
in order to keep a Productivity Ratio above or equal to one 
(1) even when 1/2 or, in the worst condition, 2/3 of the 
perforations become plugged. After fulfilling this stage of 
the process the most efficient pressure differential that 
the formation and/or the mechanical system can withstand is 
chosen in order to minimize the formation and perforation 
damage.
The main objective in perforating a formation is to 
maximize the well productivity. In the process of 
perforating, two factors are significant: (1) establishing
perforating pressure conditions that enhance system clean up 
and (2) selecting the perforating technique and guns to 
achieve best flow performance.
Underbalanced perforating (in which guns are fired 
under reduced wellbore pressure conditions) addresses the
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criteria factor in establishing perforating pressure 
conditions. In effect, the surge flow technique keeps the 
perforation clean. When high performance charges are used 
with the technique, optimization of well response becomes 
possible.
Doing this work in this specific field (Ceuta), it 
is hoped to establish a methodology to optimize the 
perforating process and minimize formation and perforation 
damage by surge flow in the existing and future wells.
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CONCLUSIONS
After doing a complete analysis of the production 
history and the completion techniques used in each well 
of Area 8 of Ceuta field, the following conclusions were 
drawn:
1. There is currently no determined pattern that 
defines the perforation process in this field. Specifically 
the shot density varies from 4 up to 12 shots/foot. The same 
is true for the penetration depth.
2. The productivity ratios of the actual completions
are below 1.0 because:
- The common shot density is 4 shots/foot, which is 
a small flow area easy to be plugged by sand or fines.
- Angular phase varies from 0 up to 120 degrees. The
optimum is 90 degrees in order to keep the highest level of
production.
- Perforating pressure conditions were overbalanced, 
generating a drawdown to the formation as large as 2,500 
psi. This condition created a damage zone around each 
wellbore.
3. The highest value of productivity ratio of the 
proposed completion technique is 1.20, which compared to
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the one of actual completion ( 0.90 ) gives us a difference 
of 0.3. This additional 0.3 represents two facts:
- That the actual completion system is not optimized.
- As much as 4,5 00 STB/D might be generated in 15 wells 
after applying the new completion technique.
4. The sand production and fine migration encountered 
result from the abrupt drawdown, choke size change is not 
gradually or step by step, at the sand face induced by 
changing the choke size.
There are three wells having the productivity ratio 
above one in all conditions, and this might be due to the 
fact those formations were perforated underbalanced. The 




As a final result of this work, it is necessary to 
establish a methodology of completion of the wells of this 
field in order to attain an optimum production level, 
minimizing workovers and at the same time minimizing costs. 
To accomplish this task it is important to do the following:
1. The most efficient perforating system is the 
underbalanced perforation, by using wireline or through 
tubing conveyed perforators.
2. The optimum shot density is 8 shots/foot in order to 
keep the productivity ratio equal to or greater than one.
3. Charges should be selected so that the perforation 
depth is in the range of 12 to 16 inches to make sure the 
damaged zone has been penetrated.
4. No abrupt drawdown should take place at the sand 
face by changing choke sizes.
5. Table B 24, as developed in this thesis work, should 
be used as a workover guideline.
6. For new wells, the drilling proposal should include 




The Ceuta field is located in the southeastern part of 
Lake Maracaibo (Figure A 2) , 115 Kms. southeast of Maracaibo 
City. This field has been divided into eight (8) structural 
units for the purpose of facilitating the study as well as 
the operation of the reservoirs within smaller areas with 
similar characteristics.
The Area 8, known also as Ceuta South East, was 
discovered by drilling the well VLG-3693, which initially 
produced 4,500 STB/D of 37 degrees API oil from Lower Eocene 
B, in October 1981. In May 1982, the well VLG-3707 was 
drilled discovering a very limited accumulation of oil in 
Lower Eocene B. In April 1986, after perforating well VLG- 
3717 on the northeast extreme of the structure, a geological 
reinterpretation was carried out which resulted in 
separating Ceuta South East Lower Eocene B from Area 7 Lower 
Eocene B by the East Fault. As of April 1990, there have 
been 17 wells drilled for a production potential of 24,000 
STB/D and a cumulative production in the range of 19 MMSTB.
1. Geological Aspects
1.1 Stratigraphic Description
The stratigraphic column of the Ceuta field goes from 
Cretaceous to Paleocene (Figure 3). The environment of the
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Miocene Lagunillas Formation and Eocene Misoa Formation is 
fluvio-deltaic to shallow marine.
The Eocene sediments correspond to the Pauji and Misoa 
Formation. The top of the Eocene is represented by a 
regional unconformity.
The Misoa Formation consist of a clastic sequence.
This formation is represented by two sedimentary megacycles, 
which have been denominated members B and C. These cycles 
consist of a high energy sand corresponding to the lower 
interval (Lower B and C), and an upper shally low energy 
section (Upper B and C).
The C member has been subdivided into seven (7) units 
(C-l/7) from which the three first (C-l/3) form Upper C and 
the rest (C-4/7) forms Lower C. The B member is also 
subdivided in seven (7) units (B-l/7), from which the five 
first (B-l/5) form Upper B and the rest (B-6/7) forms Lower
B.
The B interval has been subdivided in an upper portion 
called B-6, consisting of clean and massive sand bodies 
and a lower portion, shally predominant with some thin sand 
body intercalations called B-7.
In these sedimentary environments, the resultant sand 
bodies have different geometry and orientation. The 
distributary channels have an elongated shape, while bars
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have a tubular one. The orientation might vary from one unit 
to another, even though a preferential northwest-southeast 
channel and southwest-northeast bar orientation have been 
noticed.
1.2 Structural Description 
The southeast Ceuta Area structure consist of an 
anticlinal eastwest direction, dipping 7 degrees to the 
south. The accumulations of Eocene B sands are confined to 
West Ceuta, and Tomoporo Areas to the East. The sedimentary 
fault VLG-3693, with an eastwest direction, is considered to 
be the northern limit. To southeast a fault system forms a 
sealing barrier.
2. Reservoir Definition 
The main characteristics of Lower Eocene B VLG-3693 
reservoir are shown in Table B 14. A typical electrical log 
of the B-6 reservoir is shown in Figure A 4.
Even though, it was not possible to detect because logs 
did not show evidence of water, through electrical logs, the 
depth of an oil/water contact, the water production of well 
VLG-3726 (the deepest one in the structure), confirms the 
existence of this OWC below 16,000 feet. The formation water 
analysis in this well, calculated for each subunit 
selectively (B-6.0, B-6.3 and B-6.6), shows substantial and 
consistent differences in dissolved salt concentrations.
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With this evidence, the geological model establishes a 
multistratified reservoir separated by shales which extend 
over the most of the area. The basal part of the B-6 unit 
has been divided into three subunits, that can be correlated 
in the all area B-6.6, B-6.7 and B-6.8, which can behave as 
independent flow units.
3. Basic Reservoir Information
3.1 Fluid Properties 
A total of four (4) fluid samples were collected for 
the Lower Eocene B, from wells VLG-3693, VLG-3707X, VLG- 
3715x and VLG-3718 to perform out PVT analysis. These are 
shown in Table B 15.
The PVT analysis of the well VLG-3715x is considered to 
be the most representative of the area, because it matches 
the field tests very well. The API gravity of this crude oil 
is 37 degrees, and the initial gas in solution was 1,000 
SCF/STB. The saturation pressure was 3,604 psi. These values 
were taken as characteristics of the fluid content in the 
Lower Eocene B reservoir.
The observed difference in the API gravity of the 
residual crude oil (differential liberation), and the one 
obtained from the flash liberation for each one of the 
samples, indicated changes in the final composition. This 
suggests that the crude has some volatile characteristics.
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3.2 Rock Properties 
There have been taken a total of three (3) cores from 
Lower Eocene B in the area of Ceuta South East, through the 
following wells: VLG-3726, VLG-3727 and VLG-3730. There have 
been carried out several laboratory analysis to determine 
porosity, permeability, capillary pressure and gas- 
liquid/oil-water relative permeability (Figures A 29, 28 and 
27). Figure A 5 shows a graph with the porosity and 
permeability values measured from the cores for wells VLG- 
3727 and VLG-3730. It was difficult to establish a unique 
tendency of the given points, due to the degree of 
dispersion, which is even larger if low permeability data 
points (less than 5 md) are eliminated. There are two (2) 
important observations that can be interpreted from this 
graph: (a) In the samples with acceptable values of
permeability (greater than 5 md), the porosity ranges 
between 10 and 14 % (b) In the samples with porosity values 
less than 10 %, low permeabilities are observed.
The relative permeability curves were calculated using 
the values obtained in the laboratory from core samples. 
Tables B 16 and 17 indicate the values used to construct the 
relative permeability curves shown in Figures A 27 and 28.
Table B 18 and Figure A 29 show the data used to make 
the capillary pressure curve in several core samples, with
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different values of permeability to the air. There is an 
evident decrease of the values of irreducible water 
saturation with increasing sample permeability.
3.3 Pressure History
There have been taken a total of twenty three (23) 
pressure surveys as of April 1990, of which 6 are static, 10 
build up and 7 repeat formation tests.
Figure A 6 shows the historic graph of pressure of 
Ceuta field, for a datum of 14,7 50 feet. Notice the tendency 
of the average pressure for subunit.
The fast pressure declination of the B- 
6.0 and B-6.3 subunits indicate that there is not a water 
drive mechanism connected to the reservoir. The main 
production mechanism is rock and fluid expansion.
3.4 Production History
The behavior of different pressure tendencies indicate 
that independent subunits have different production 
capacities. This means that some subunits produce at very 
high rates, which affects the other wells. The production 
logs run in wells VLG-3718 and VLG-37 30 show that more than 
90 % of the total production comes from the top of the B-6.0 
subunit. This behavior is due to the existence of high 
permeability facies.
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The production characteristics of the wells allow us to 
identify, that the area where wells VLG-37 07x and VLG-3718 
are located as having the highest productivity.
Figure A 7 shows the historic production performance of 
all the wells completed in B-6 formation in Ceuta field. The 
water cut is low, even though some wells, such as VLG-3714 
and VLG-3728, showed high water cuts due to the vertical 
communication between Lower B and high water saturation 
sands. This communication took place behind the casing as a 
result of a bad cement job.
The behavior of the gas-oil ratio has been very steady 
showing a value very close to 1,000 SCF/STB.
The main production problems in this reservoir are 
related to scale and asphaltene deposition and, sand 
production along with fine migration.
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BRIEF REVIEW OF THE RESERVOIR WELLS
WELL: VLG-3 693
In October 1988, the C subunit was isolated by setting 
a cement plug at 14,725 feet. The B-6 formation was 
perforated; specifically the B-6.0 and B-6.6 subunits.
In December .1988, obstruction was detected at 14,410 
feet. In January 1989, the well was cleaned up using coiled 
tubing. In April 1989, the intervals corresponding to B-6.6 
were isolated by setting a cement plug at 14,400 feet. In 
June 1989, a formation damage in the order of 75 % was 
detected by running a build up test. A matrix acidizing job 
was carried out which improved the well production for about 
two (2) months. After that, the solid content, measured 
several times, reached a maximum value of 6.94 Lbs/Mbl.
In March 1991, the well was cleaned up using coiled 
tubing. After this, the production improved and the well 
flowed with a fixed choke size of 5/8 inches.
The sand production started when the well choke size 
was increased to open line.
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The petrophysical properties of the well are the 
following:
B-6. 0
POR. = 14 % Kro = 0.65
H = 14 ft. Kc = 60 md
K = 92 md S = 22.2 %W
This well is located at the top of the structure 
(Figure A 8) , and is surrounded by the following wells VLG- 
3710 (S.W) and VLG-3714 (S.E).
In April 1989, the B-6.0 subunit was perforated under 
overbalanced conditions, using brine at 65 Lbs/CF as a 
completion fluid. This resulted in a pressure differential 
of 2,652 psi toward the formation. Table 1 contains the 
producing interval information and the production history.
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WELL: VLG-37 07
In April 1989, the C subunit was isolated by 
setting a bridge plug at 14,907 and 14,895 feet. This 
workover was done because of lack of production. The well 
was completed in B-6 formation (B-6.0 and B-6.3 sub units).
Continuous analysis of the solid content measurements 
have indicated that this well does not have sand production 
problems (0.3 Lbs/Mbl) and the asphaltene content turned out 
to be 1.32.
Apparently the only problem with this well, is that at 
14,232 feet the production tubing has collapsed and broken. 
Since there is a hole in the production tubing, the gas lift 
efficiency is low because the optimum pressure required can 
not be achieved.
There have been no changes in choke sizes that could 
produce abrupt pressure drops which might cause sand 
production. This well has been producing open line since it 
was put on production in 1989.
The petrophysical properties of the well are the 
following:
B-6.0 B-6.3
POR= 11.3 % Kro= 0.87 11.4 % 0.87
h 72 ft. Ko 217md 35 ft. 365 md
K 249 md Sw 15.7 % 419 md 11.9 %
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This well is located at the top of the structure 
(Figure 11), and is surrounded by wells VLG-3718 (W), VLG- 
3730 (S) and VLG-3733 (E).
It is noteworthy that B-6.0 and B-6.3 subunits were 
perforated under underbalanced conditions having a 
pressure differential toward the wellbore in the order of 
500 psi and the completion fluid used was a light crude 
of 36 degrees API.




This well was completed in the B-6, specifically in the 
B-6.3 and B-6.6 subunits. In May 1983, sand samples were 
recovered from 14,422 feet. In April 1986, a sand cleaning 
job was carried out from 14,441 to 14,57 9 feet. In November 
19 87, an asphaltene cleaning job was carried out using 
Snubbing Unit pumping solvent, HC1 and a modified acid.
In 1988, the well was producing open line from zone I 
by installing a separation tool at 14,481 feet. During this 
time period the solid content was measured several times and 
its value ranged from 0.35 to 96.2 Lbs/Mbl, and the 
asphaltene content was in the order of 1.44.
This well presents problems of sand production, 
asphaltene deposition and water production. It is amazing 
how fast the production declined. This might be due to the 
fact that the shot density is 4 shots/ft. and if 1/2 of 
perforations became plugged, the Productivity Ratio would 
drop automatically.
This well is located at the top of the structure, and 
is surrounded by wells VLG-3717 (NW),VLG-3723 (SE) and VLG- 
3693 (E).
The B-6 formation was perforated under 
overbalanced conditions, creating a pressure differential 
toward the formation in the order of 1,500 psi. The
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completion fluid used was brine at 70 Lbs/CF. Under these 
conditions is evident that formation as well as perforation 
damage might be induced.
The petrophysical properties of this well are the 
following:
B-6.3
POR= 9.5 % kro= 0.0 8
h = 19 feet K0 = 18 md
K = 223 md S = 5 0 %w
Table B 3 contains the producing interval information 
and the production history.
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WELL: VLG-3714
In 1986, a workover was performed in order to correct 
cement channels behind the 7 inch casing, and to perforate 
additional intervals in the B-6 formation. In May 1987, a 
cleaning job was carried out down to 14,817 feet. Also in 
May 19 87, a matrix acidizing job was performed. In June 
1987, the well was cleaned up using a Snubbing Unit. In 
September 1987, all the intervals were cemented and 
perforated again with the exception of the interval to 
14,798-14,814 feet. In November 1987, a separation tool was 
set at 14,492 feet in order to produce from zone I only. In 
June 1988, the production tubing was cleaned up of 
asphaltene. This was repeated in November of 1988. After 
that the well reestablished its production for a year. In 
February and September of 1990 and again in February and 
April of 1991, the well was cleaned up. Production was not 
reestablished.
The shot density of this well is very small, 4 
shots/ft., meaning the flow area is easily plugged either by 
sand, fines, asphaltene or scale resulting in reduced 
production. See Table B 4 for more information and details.




POR= 14 % K = 0.87ro
h = 15 ft. K0 = 220 md
K = 253 md S = 15.6%
B-6.3 
11.9 % 0.87
13 ft. 134 md
154 md 16.5 %
This well is located at the top of the structure, and 
is surrounded by wells VLG-3693 (NW),VLG-3723 (SW), VLG-3724 
(S), VLG-3719 (SE) andVLG-3718 (E).
The B-6 formation was perforated under overbalanced 
conditions, w i t h ‘a pressure differential toward the 
formation in the order of 3,100 psi and the completion fluid 
was brine at 7 0 Lbs/CF.
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WELL: VLG-3715
This well was completed in the B-6 formation in the B-
6.0, B-6.3 and B-6.6 subunits.
In November 19 88, a matrix acidizing job was carried 
out using fluoboric acid, in order to minimize fine 
migration. Well production improved tremendously for a one 
(1) year period.
From the production history previous to 1988 (Table B 
5), the well presented calcium carbonate deposition problems 
which might have plugged the perforations (4 shots/ft.).
This may be the reason why the production declined to about 
60 % of its real potential.
The asphaltene content is in the order of 1.57 but 
there is not evidence of actual deposition.
The petrophysical properties of this well are the 
following:
B-6.0 B-6.3 B-6.6
POR= 14.7 % Kro= 0.87 13 % 0.87 10.5 % 0.87
h = 30.5 ft. KQ = 301 md 20.5 ft. 242 md 42 ft. 47 md
K = 346 md S =  13.3 % 278 md 14.9 % 84 md 23.6 %w
This well is located at the top of the structure, and 
is surrounded by wells VLG-3733 (NW), VLG-3727 (SE), VLG- 
3730 (W) and VLG-3728 (E).
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When the B-6 formation was perforated, the completion 
fluid used was industrial water, and it was done under 
overbalanced conditions. A pressure differential of 2,100 
psi was generated toward the formation.
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WELL: VLG-3718
In 1987, this well was completed in the B-6 formation, 
specifically in the B-6.0 and B-6.3 subunits.
This well produced at a high flow rate for more than 
one (1) year, when production suddenly declined to 2/3. A 
sample of sand was taken at 11,062 feet. In November 1988, a 
cleaning job was carried out with a Snubbing Unit and the 
well was put on production flowing with no choke.
The solid content was measured several times ranging 
from 0.19 to 54.92 Lbs/Mbl. It must be pointed out that the 
choke size was changed several times. In June 1990, a build 
up test was run, which indicated a skin of 13.5 and a damage 
of 61. The asphaltene content was in the order of 1.42.
When the formation was perforated, gasoil was used as a 
completion fluid. This created a pressure differential of 
1,400 psi toward the formation.
The petrophysical properties of the well are the 
following:
B-6.0 B-6.3
P0R= 14.3 % Kro= 0.87 11.9 % 0.87
h = 52 ft. ' K,‘o 25 6 md 36 ft. 3 36 md
K = 294 md S,w 14.5 % 386 md 13.5 %
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This well is located at the very top of the structure, 
and is surrounded by wells VLG-3714 (W) and VLG-37 30 (S).
Table B 6 contains the producing interval information 
and the production history.
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WELL: VLG-3719
This well was completed in the B-6 formation in the B-
6.0, B-6.3 and B-6.6 subunits in August 19 86.
Since the very beginning of the productive life of this 
well, it started to show sand production, and asphaltene and 
scale deposition problems. In October 1986, a cleaning job 
was carried out in order to get rid of the asphaltene 
deposited at 15,429 feet. In June 1987, HCL was pumped to 
dissolve the calcium carbonate deposited at 15,202 feet. 
After this two more cleaning jobs were performed. The solid 
content varied from 0.8 up to 23 Lbs/Mbl and at the same 
time the choke size was increased.
It is necessary to point out that the shot density, 
being small allows rapid plugging. This results in a 
decrease of the productivity ratio.
The petrophysical properties of this well are the 
following:
B-6.0 B-6.3
P0R= 13.9 % K = 0.87ro 14.3 % 0.87
h = 47 ft. K‘o 189 md 24 ft. 327 md
K = 217 md S,w 16.7 % 376 md 12.7 %
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This well is located at the top of the structure, and 
is surrounded by wells VLG-3714 (NW), VLG-37 30 (NE) and VLG- 
3724 (SW). Table B 7 contains the producing interval 
information and production history.
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WELL: VLG-3721
This well was completed in B-Upper in the B-3, B-4 and 
B-5 subunits. Later on the B-6.6 subunit of the B-Lower was 
added. In September 1987, asphalt samples were recovered 
from 15,685 feet, and the production dropped from 900 STB/D 
to 400 B/D. In April 1988, the well was cleaned up in order 
to get rid of the asphaltene deposited. In June 1989, a 
flowmeter indicated that 98.5 % of the total production was 
coming from B-4. In May 1989, an acidizing job was carried 
out to eliminate the formation damage induced by the use of 
Invermul. In June 19 89, a build up test showed 3 8 % 
formation damage, but the well was still making 1,400 STB/D 
due to the increase in choke size. The well is now making 
1,000 STB/D flowing with no choke, and the production 
declination might be a result of some perforations being 
plugged by asphaltene particles.
The petrophysical properties of the well are the 
following:
B-6. 6
P0R= 12.1 % K = 0.87ro
h = 81 ft. K0 = 210 md
K = 241 md S = 15.9 %w
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The well is located down in the structure, and is 
surrounded by wells VLG-3736 (NW), VLG-3727 (NE) 
and VLG-3726 (SW).
The production history is not going to be shown, 
because the entire production of the well is from the B-4, 
which is not the subject of this work.
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WELL: VLG-3724
This well was completed in the B-4 and B-6 formations, 
specifically in B-4.0 and B-6.0 subunits. In October 1989, 
the well was cleaned up because of calcium carbonate 
deposition. This improved the production for a period of 
three (3) months. The solid content was measured twice, 
varying from 7.1 down to 1.17 Lbs/Mbl, over a period of
seven (7) months and the asphaltene content was in the order
of 9.98 (See Table B 8).
When the B-6.0 was perforated brine at 75 Lbs/CF was 
used as a completion fluid, creating a pressure differential 
in the order of 1,100 psi, in favor of the formation.
The petrophysical properties of the well are the 
following:
B-6.0
POR= 13.3 % Kro= 0.74
h = 40 ft. Kq = 104 md
K = 140 md Sw = 19.9 %w
This well is located at the middle of the structure, 
and is surrounded by wells VLG-37 23 (NW) and VLG- 3719 (NE).
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WELL: VLG-3726
This well was completed in B-4 subunit which is not the 
subject of this study.
The petrophysical properties are the following:
B-6.0
POR= 14.5 % Kro= 0.62
h = 28 ft. Kq = 55 md
K = 88 md S = 23.3 %w
The well is located down at the structure, and we can 
not expect it to be a good producer of B-6.0 due to the poor 
development of this subunit.
When B-6.0 was perforated, it was done under 
overbalanced conditions, creating a pressure differential in 
the order of 2,400 psi.
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WELL: VLG-37 27
This well was completed in B-6 formation in the B-6.0, 
B-6.3 and B-6.6 subunits. Since the very beginning of its 
productive life, this well has shown sand production 
problems. The solid content has varied from 2.3 up to 37 
Lbs/Mb. This might be due to the fact that the choke size 
was increased from 1/2 inches to open line. In July 1988, a 
sand cleaning job was carried out and in February 1990, an 
asphaltene/scale cleaning job was also executed. In July 
1990, and January 1991, the well was cleaned up again.
When B-6 formation was perforated, brine at 7 5 Lbs/CF 
was used as a completion fluid, creating an over pressure 
differential of 2,900, 2,400 and 800 psi in favor of B-6.0, 
B-6.3 and B-6.6 respectively.
The petrophysical properties of this well are the 
following:
B-6.0 B-6.3
P0R= 13.5 % K = 0.87ro 13.5 % 0. 87
h = 29.5 ft. K,‘o 238 md 16.5 ft. 170 md
K = 274 md S,w 17.5 % 19 5 md 17.5 %
The well is located at the middle of the structure and 
is surrounded by wells VLG-3715 (NW) and VLG- 37 21 (S). 
Table B 9 contains the producing information.
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WELL: VLG-3728
This well was completed in the B-6.0 and B-6.3 
subunits. It has been flowing open line since July 1989. The 
solid content has varied from 1.15 up to 6.81 Lbs/Mbl. No 
changes in choke size occurred (See Table B 10). The 
production has declined 400 STB/D in a period of two (2) 
years. This might be due(1)plugging process. It is important 
to point out that the asphaltene content is low, varying 
from 0.8 to 0.9.
When the B-6 formation was perforated, brine with a 
density at 72 Lbs/Cf was used as a completion fluid 
generating a pressure differential of 2,300 and 1,800 psi 
toward B-6.0 and B-6.3 respectively.
The petrophysical properties of the well are:
B-6.0 B-6.3
POR= 13.5 % Kro= 0.87 13.5 % 0. 87
h = 29.5 ft.Ko 238 md 16.5 ft. 170 md
K = 274 md S,w 17 % 195 md 17.5 %
This well is located at the northeastern part of the 




The well was completed in the B-6 formation, in the 
B-6.0 and B-6.3 subunits. It has been a good producer since 
the beginning of its productive life. It was open to 
production with 1/2 inch choke, and a solid content of 2.2 
Lbs/Mbl. Then the choke size was increased to 1 inch. This 
increased the solid content to 20.0 Lbs/Mbl (See Table 11). 
This well has not been cleaned up yet, but production has 
declined approximately 600 STB/D.
The petrophysical properties are:
B-6.0 B-6.3
POR= 13.9 % K = 0.87 14.7 % 0.87ro
h = 47 ft. K0 = 189 md 24 ft. 327 md
K = 217 md S =  16.7 % 376 md 12.7 %W
The producing formation was perforated under 
underbalanced conditions, creating a pressure differential 
of 800 psi toward the wellbore.
This well is located at the middle of the structure, 
and is surrounded by wells VLG-3719 (SW), VLG-3718(NW) and 
VLG-3736 (SE).
Even though the well might be producing sand, the 
actual shot density gives a degree of freedom enough to keep 
the Productivity Ratio above one (1), even in the worst 
condition of having 2/3 of the perforations plugged.
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WELL: VLG-37 33
The well was completed in the B-6.0 and the B-6.3 
subunits. Since the beginning its production has been very 
low. This might be the result of perforating the pay zone 
under overbalanced conditions, generating a pressure 
differential toward the formation in the order of 4,000 psi.
In February 1991, a matrix acidizing job was carried 
out improving the production in 40 0 %.
The petrophysical properties of this well are:
B-6.0 B-6.3
POR= 10.8 % Kro= 0.44 10.8 % 0.44
h = 29.5 ft. K0 = 110 md 29 ft. 184 md
K = 249 md S = 27.7 % 419 md 26 %w
The well is located at the top of the structure, and is 
surrounded by wells VLG-3707 (W), VLG-3715 (S) and VLG-3728 
(E). There is no evidence of either sand production or 
asphaltene deposition (See Table B 12).
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WELL: VLG-37 36
The well was completed in the B-6.0 and B-6.3 subunits 
by perforating them under underbalanced conditions, with a 
pressure differential toward the wellbore of 2,600 psi.
This well has experienced three (3) sand cleaning jobs 
in a period of two (2) years. It is also noticeable that the
size of the choke was increased, as well as decreased
several times promoting high solid content in the flow 
stream.
In January 1991, a build up test showed a very small
skin in the order of 0.97. This might be the result of being
perforated under underbalanced conditions with a high 
penetration depth.
The petrophysical properties of the well are:
B-6.0 B-6.3
POR= 14.2 % Kro= 0.87 13.9 % 0.87
h = 51 ft. K0 = 301 md 41 ft. 242 md
K = 346 md S = 17 % 278 md 18 %w
Table 13 contains the producing interval and the 
production history information.
After going through the review of all the wells and 
their respective production histories, an analysis was made 
in order to verify under what shot densities the wells can
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attain laminar flow.
In order to achieve this part of the work, the 
following equations were used(3) :
Starting from the general inflow equation:
Pr2“Pwf2= A * % c  + B * % c  
where:
pr = reservoir pressure, psia 
pwf = flowing pressure, psia 
A = laminar coefficient 
B. = turbulent coefficient
The laminar and turbulent coefficient can be written 
as follows:
A = Ar+Ap+Ag (2)
B = B +B_+B_ (3)r p g ' '
where:
Ar = laminar reservoir component 
Ap = laminar perforation component 
A = laminar gravel pack component 
Bp = turbulent reservoir component 
Bp = turbulent perforation component 
B = turbulent gravel pack component
For the specific case of the wells of this reservoir, 
the following equation was used:
Pr2 - Pwf2 = (Ar+V*<3sc + W  *<JSC2
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the laminar perforation component (Ap) includes the effect 
of the total number and type of perforations, and the effect 
of compaction around the perforations(3) .
Ar = 141. 2*V0* B0* (Ln(0.472*re /rw ) + Sd) /Kor*H (5) 
sd = (Kr/Kd-1) *Ln(rd /rw ) (6)
where:
Kor = unaltered reservoir permeability to oil 
Sd = skin factor due to permeability
alteration around the wellbore.
Kr = reservoir permeability, (MD)
Kd = altered zone permeability, (MD) 
rw = wellbore radius, (FEET)
rd = altered zone radius, (FEET)
BQ = oil formation volume factor, (RB/STB)
VQ = oil viscosity, (CP)
H = total thickness, (FEET) 
re = external radius, (FEET)
Bp = (2.3*10'K *P*Bo2 *D0)/H2rw (7)
P = (2.33*1010)/Kr1-2 (8)
where:
P = velocity coefficient, (FEET-1)
DQ = oil density, (LBS/CF)
A = 141. 2*V *B * (S +SHn) /K *H p o o p dp or (9)
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Sp = (H/hp - 1. ) * (Ln (H/rw (Kr/Kv)0-5 )-2.) (10)
where:
Sp = skin factor due to perforation 
Sdp = skin factor of the crushed zone 
H = total formation thickness, (FEET)
Kr = horizontal reservoir permeability, (MD)
Kv = vertical reservoir permeability, (MD)
s dp =  (H / ( L p * N ) ) * (V K d p - V K d ) * L n (r d p / r p) d i )
this equation was developed by McLeod(6)‘ 
where:
Lp = perforation length, (FEET)
N = total number of perforations 
rp = perforation radius, (FEET) 
rdp = compacted zone radius, (FEET)
Bp = (2.3*10'u *P*B02 *V0)/rp Lp2 N2 (12)
In order to use values of Kdp/Kr see Table B 19, which 
is a guide line developed by McLeod.
The value of Kv/Kp comes from the core analysis made to 
the wells VLG-37 26, VLG-3727 and VLG-37 30, in which the 
ratio was equal to 0.6.
To obtain the Sp and Sd values, defined in the 
nomenclature, Figures A 9 and 10 were used respectively. 
These nomogram were developed by Kong(4).
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The data used for each well and the final results are 
shown in Tables B 20 and 21 respectively.
From this calculations, it can be concluded that if all 
perforations are open, and clean the flow is laminar. This 
is true as long the following component does not increase:
Bp = (2.3* 10-14 *P*B02 *DG)/rpLp2N2 (11)
If rp, L , or N decrease the whole term will increase.
As a result, flow will change from laminar to turbulent.
This may cause sand to be produced.
Example calculation: Determining flow regime.
Well: VLG-3718 
Given Data
h = 1 2  inches (length of shot density)
dw = 5 . 5  inches (wellbore diameter)
Kz/Kr = 0.60 
phase = 0 degrees
ap = 1 1  inches (perforation penetration depth)
rdp = 1 . 0  inches
rp = 0 . 5  inches
Kdp/Kr = 0 . 2











Calculations: The values will be given for 
6.3, the following way B-6.0/B-6.3.
1. Sdp = 0.02/0.01, using eq. 11.
2. Sp = 3.0/3.0, using Figure 9.
3. Sd = 1.1/1.1, using Figure 10.
4. Ar = 0.04/0.05, eq. 5.
5. Br = (68.3/1.58)* 10(-7), eq. 7.










PROCESS OF THE OPTIMUM COMPLETION DESIGN 
USING UNDERBALANCE PERFORATION
Why use this system?
The oil and/or gas well completions must be designed 
in order to minimize future workovers, and increase the 
productive life of the reservoir. As an optimum completion 
design the selection of the best and most efficient 
perforating system (charges, guns, angular phase, 
perforation diameter, shot density), and other components of 
the completion and production system that can be optimized, 
in order to establish a Productivity Ratio equal to one (1), 
even when 1/2 to 2/3 of the perforations become plugged. The 
most effective pressure differential must be selected in 
order to minimize the formation and, perforation damage at 
the moment the formation is perforated<1).
As stated in the previous paragraph, perforating a well 
under underbalanced conditions enables a Productivity Ratio 
of at least one (1) be achieved because the damage induced 
by the perforating process is minimized.
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Selection Of The Most Efficient Perforating System 
For this part of the work the method developed by 
Stanley Locke(3,4) will be followed. The reason for using this 
method is that it approaches the characteristics of a real 
perforation. It takes into account the crushed zone around 
the perforation, as well as the damaged zone around the 
wellbore.
The nomogram developed by Locke assumes a borehole 
diameter (measured across the cement-formation boundary) of 
six (6) inches. A correction for up to a twelve inch 
borehole, and up to a 160 acre spacing is included on the 
nomogram.
In order to continue with this work, it is necessary to 
quote the section of "Discussion of Results" reached by 
Locke.
Perforation Length: The results showed that the trend 
is toward continuing improvement in productivity with 
deeper perforations. This conclusion becomes even more 
significant when damaged and crushed zone effect are 
incorporated.
Phasing: The angular phasing between successive 
perforations is an important parameter. The results 
showed that 90 degrees phasing was the best in the 
general case. This is true under the condition that all 
perforations extend the same distance into the 
formation.
Perforation Diameter: The results showed that 
increases in perforation diameter above 0.25 
inches can be expected to yield only marginal 
improvement to productivity.
Shot Density: The Productivity Ratio increases 
as some function of shot density. The increase in 
productivity with shot density is greater at other
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phasing (than 0 degrees) because of interference 
effects at high shot densities with zero phasing. 
Crushed Zone Effect: Perforating produces a zone of 
grain damage around the perforation, in which 
permeability may be substantially reduced below that 
of the virgin zone.
Surface tests suggest that Kc/Ku, the ratio of the 
crushed zone and undamaged zone permeability has a 
value of approximately 0.2 which is to say to say that 
the crushed zone can be a serious impediment to 
productivity.
Damaged Zone Effect: A zone of reduced permeability 
around the borehole is commonly produced by drilling 
pressure and chemical action. This thickness and 
severity of this damaged zone are major determinants of 
producibility. Unfortunately, there is no easy way to 
determine what these values are.
Perforations which penetrate this damaged zone and 
extend into the virgin formation will greatly improve 
producibility.
The uses of nomograph developed by Locke extend beyond 
the simple determination of producibility ratio in an 
existing situation. You are given a graphic picture of 
the relative influence of the various perforating 
parameters, permitting decisions to be made that will 
improve production most efficiently.
The nomogram mentioned above was used for all the
existing wells of Ceuta field(4). From information supplied
by the Petrophysical Department of Maraven S.A, and
concurring water loss of the drilling fluid and cement used
in these wells, a resulting average depth of the damaged
zone is 9 inches. Thus all guns used to perforate the
formation should have an average penetration of 12 inches.
These perforations will penetrate the damaged zone.
Most of the wells were perforated under overbalanced
conditions, with a pressure differential toward the
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formation. Thus the crushed zone permeability was assumed to 
be 20 % of the virgin zone permeability. This is a logical 
assumption because no back flow took place right after 
perforating the formation.
Table B 22 shows the results of using Locke's nomogram 
to evaluate the performance of the existing perforations, 
specifically the productivity ratio. There are only three 
wells having a P.R above one, in the most adverse condition 
of having 2/3 of the perforations become plugged. This is 
due to the fact that those formations were perforated with a 
pressure differential toward the wellbore, allowing the 
perforations to clean up by back flow effect. Additionally 
the shot densities of these wells (12 shots/ft.), give 
enough flow area to attain this condition.
The rest of the wells have the P.R below one, even when 
all the perforations are clean and open. This example shows 




Shot Density: 4 spf 
Angular Phase: 0 degrees 
Perforation Penetration: 10.92 inches 





Shot Density(spf): 4 2 1
P.R : 0.84 0.74 0.54
The nomogram of Figure A 1, which terms are defined 
inthe nomenclature, is used 3 times.
These simple calculations allow optimizing the 
perforation process by selecting the most efficient system, 
the optimum shot density and penetration depth for the 
existing and future wells. Table B 23 shows the results of 
this, indicating the use of the T.C.P (Tubing Conveyed 
Perforator) to achieve underbalanced conditions, 8 shots per 
foot to keep the P.R above one and a penetration depth of 12 
inches, to make sure the damaged zone is penetrated. This 




Perforation Penetration Depth: 12 inches 
Angular Phase: 9 0 degrees 
Optimum Shot Density: 8 spf
Damaged Zone Thickness: 0 (Underbalanced Perf.)
Kdp/Kr: 0.0 (Underbalanced Perf.)
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Kd/Kr: 0.0 (Underbalanced Perf.)
Solution:
Shot Density (spf): 8 4 2
P.R : 1.20 1.14 1.10
The optimum underbalanced pressure (drawdown) must be 
calculated next. This consider the B-6 formation to be 
consolidated . This will be demonstrated later on.
The calculations to determine this drawdown for an 
unconsolidated formation were performed for two reasons: (a)
the parameters used to classify the formation as 
consolidated or unconsolidated are very close to the border 
line, (b) this reservoir has sand production and fine 
migration problems.
In order to determine whether a formation is 
consolidated or not, the adjacent shale compaction theory 
was applied using density and/or sonic log data. This theory 
states that the shales located at the top and bottom of the 
pay zone, reflect the degree of compaction of a formation 
without going through any correction such as the type of 
fluid present.
The values used to determine whether a formation is 
consolidated or not are the following:
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Consolidated Unconsolidated
Shale Density > 2.40 < 2.4
(gr/cc)
Shale Travel < 100 > 100
Time (msec/ft.)
For the B-6 (Eocene) formation, and after analyzing the 
density and sonic logs available, the following results were 
obtained: Density = 2.44 gr/cc and Travel Time = 90 msec/ft. 
This corroborates that this formation is consolidated, and 
for the effect of this work is going to be treated like 
that. As it was mentioned before the calculations for an 
unconsolidated formation were carried out, because the 
values are near the border line.
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CALCULATION OF UNDERBALANCE PRESSURE FOR 
CONSOLIDATED FORMATIONS
The method to calculate the optimum 
drawdown is the following:
1. Choose a maximum pressure differential from the 
lower limit of the collapse pressure of the production 
casing and tubing and/or packer. In order to get this value, 
the collapse pressure is multiplied by a safety factor; 0.8 
for new casing or tubing or 0.5 for old (oil company 
policy).
2. Choose a minimum pressure differential from Figure A 
14, entering with the formation permeability.
3. Determine the middle point pressure between pressure 
differential minimum and maximum.
4. For this reservoir where, the invasion depth is from 
moderated to deep and the water loss of the cement used is
40 c.c, the optimum drawdown is located between the middle
point pressure and pressure differential maximum.
The data used to achieve this task and the results of
these calculations are shown in Table B 24. The minimum
value of pressure differential was 3,850 psi. The maximum
value of pressure differential was 7,480 psi corresponding
to wells VLG-37 33 and VLG-37 36, in which the safety factor
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used was 0.8 since these are fairly new wells.
Table B 24 should be used, whenever a workover takes 




Casing: 4-1/2", P-110, 15.1 Lbs/Ft.
Collapse pressure: 14,350 psia 
Tubing: 2-7/8", N-80, 6.5 Lbs/Ft.
Collapse pressure: 11,160 psia 
Avg. collapse pressure: 12,800 psia 
Safety factor: 50 % of collapse pressure 
Calculations:
Maximum collapse pressure: 0.5*12,800= 6,400 psia 
Minimum pressure differential: 920 psia (Figure 10) 
Middle point pressure: (6,400+920)/2= 3,660 psia
Optimum pressure differential: (6,400+3,660)/2= 5,030
psia.
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CALCULATION OF UNDERBALANCE PRESSURE FOR 
UNCONSOLIDATED FORMATIONS
METHOD N o . 1
1. Calculation of the minimum pressure required 
by using the following equation*5*:
Pm = 2, 500/K(0-3) , PSIA (14)
where:
Pm = minimum pressure, (PSIA)
K = formation permeability, (MD)
This equation and the ones after this are based on the 
work done by
King, Anderson and Bingham and Colle(5,1).
2. Calculation of the maximum pressure differential by 
using:
- Sonic Log data (Travel Time) and the following 
equation:
PM = 3,500 - 19*(TT) (15)
where:
PM = maximum pressure, (PSIA)
TT = travel .time, (mSEC/FEET)
- Density Log (RHO) data and the following equation:
PM = 2,340*(RHO) - 4,000 , PSIA (16)
where:
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PM = maximum pressure , (PSIA)
RHO = density of adjacent shales , (GR/CC)
3. Calculation of the recommended underbalance 
pressure, if there is sand production history, by using the 
following equation:
PD = 0.8 * Pm + 0.2*PM , (PSIA) (17)
where:
PD = pressure differential , (PSIA)
Pm = minimum pressure , (PSIA)
PM = maximum pressure , (PSIA)
Tables B 25 and 26 contain the data used and the 
results of the calculations respectively.
In Table B 26, the average pressure differentials from 
density and sonic log data are 740 and 7 63 psi respectively. 
These means that these should be the values that must be 
taken into account, at the moment of perforating the 
formation, in order to avoid sand production.
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METHOD N o . 2
The results of this section are shown in Table B 27.
The pressure differentials using density and sonic log 
data are 1407 and 149 0 psi respectively.
In this case, calculations based on drilling fluid and 
a cement with water loss of 3.5 and 40 cc , resulted in deep 
invasion.
The values from these calculations differ from the ones 
of the first method, in that the depth and severity of the 
invasion are taken into account in this method. This is to 
minimizing the formation and perforation damage by using the 
natural energy of the reservoir to produce back flow, as a 
result of underbalance perforating.
In order to calculate the optimum pressure 
differential, either using density or sonic log data, Figure 
10 was entered with the formation permeability in order to 
estimate the minimum pressure differential. Following this 
step and using Figures A 11 and 12, and entering the graphs 
with the adjacent shale density or travel time values the 
maximum pressure differential values were calculated. Next 
the middle pressure differentials were calculated by 
subtracting the maximum from the minimum pressure 
differential, and dividing the result by two and this value 
is added to the minimum pressure differential in order to
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get the middle pressure differential.
For the specific case of deep invasion and high 
filtrate cement, the optimum pressure differential is 
located half way between the middle and maximum pressure 
differential.
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METHOD N o . 3
Seven core plugs of 1.5 inches in length and 1.5 inches 
in diameter for wells: VLG-3726, VLG-3727 and VLG-3730, were 
sent to Core Lab in Houston to obtain formation compressive 
strengths.
The compressive strength values were corrected to ASTM 
standards, which requires a core plug of the following 
dimensions: length = 3 inches and diameter = 1.5 inches. 
Reference 7 is the paper describing the correction 
procedure.
Table B 28 shows the input data and the results of the 
calculations using the following equation developed by 
Exxon:
TES = 1. 7 *FCS TES = OP - PP
MPP = OP - 1.7 *FCS MDP = FP - MPP
where:
MPP = minimum pore pressure , (PSIA)
FCS = formation compressive strength (/ (PSIA)
OP = overburden pressure , (PSIA)
FP = formation pressure , (PSIA)
MPD = maximum pressure differential , (PSIA)
PP = pore pressure , (PSIA)
Exxon tested a large number of formation samples and 
found that there is no sand flow if the effective stress is
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equal to or less than 1.7 times the formation compressive 
strength(5).
From Table B 28, we can see that the pressure 
differential values are the highest of all calculations 
performed in this work. This means that the compressive 
strength plays a very important role.
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P Velocity coefficient
B o Oil formation volume factor
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MPD Maximum pressure differential
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OP Overburden pressure (PSIA)
PD Pressure differential (PSIA)
Pm Minimum pressure (PSIA)
PP Pore pressure (PSIA)
PM Maximum pressure (PSIA)
RHO Adjacent shale density (GR/CC)
rd Altered zone radius (FEET)
rdp Compacted zone radius (FEET)
re External radius (FEET)
rp Perforation radius (FEET)
rw Wellbore radius (FEET)
Sd Skin factor around wellbore
Sdp Crushed zone skin factor
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Figure A 1. Nomogram to determine productivity rat io ,  
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Figure A 3. Generalized stratigraphic column
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Figure A 5. Permeability/Porosity crossplot
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Figure A 9. Nomogram for determining perforation 
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Figure A 14. VLG-3693 Production history
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Figure A 15. VLG-3707 Production history
ER—4157 74
W E L L  V L G 3 7 1 0











JK J JJ J 3 S J K J 3 H J 3 H MMH H
It IS 1 9 8 9 1 9 9 0 1 9 9 1
Figure A 16. VLG-3710 Production history
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Figure A 17. VLG-3714 Production history
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Figure A 18. VLG-3715 Production history
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Figure A 19. VL6-3718 Production history
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Figure A 20. VLG-3719 Production history
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Figure A 21. VLG-3724 Production history
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Figure A 22. VLG-3727 Production history
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Figure A 23. VLG-3728 Production history
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Figure A 24. VLG-3730 Production history
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Figure A 25. VLG-3733 Production history
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Well VLG-3693 Producing Interval Information 
And Production History
Formation Intervals Zone Subunit
B - Lower 14340--350 I B--6.
Qf Qo BS&W GOR CHOKE THP
Date (STB/D)(STB/D) (%) (SCF/B1) (INCHES) (PSI) ZO]
05/89 1615 1583 2.0 918 O.L 180 I
06/89 1735 1701 2.0 1040 O.L 160
07/89 1652 1619 2.0 1040 1 240
08/89 Matrix. acidizing job.
09/89 1888 1851 2.0 1572 1 240
01/90 Solid content 0.39 Lbs/Mbl.
02/90 1691 1674 1.0 1618 O.L 230
04/90 1369 1355 1.0 2200 O.L 230
06/90 1190 1178 1.0 2913 O.L 230
09/90 Solid content 6.94 Lbs/Mbl.
03/91 Sand cleaning job.
06/91 1118 1107 1.0 1750 5/8 490 I
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TABLE B 2
Well VLG-37 07 Producing Interval Information
And Production History
Formation Intervals Zone Subunit








Qf Qo BS&W GOR CHOKE THP
Date (STB/D)(STB/D) (%) (SCF/B1) (INCHES) (PSI)
05/89 2538 25i3 1.0 1270 O.L 160
07/89 2027 2007 1.0 1044 1 260
11/89 1951 1932 1.0 1900 O.L 230
05/90 1556 1540 1.0 3765 O.L 250
07/90 1369 1355 1.0 3873 O.L 240
12/90 1062 1041 2.0 2658 O.L 220
02/91 914 877 4.0 3173 O.L 220






Well VLG-3710 Producing Interval Information
And Production History
Formation Intervals Zone Subunit
B - Lower 14418-428 I B-6. 3
14498-508
14578-588 II B-6.6
Qf Qo BS&W GOR CHOKE THP
Date (STB/D)(STB/D) (%) (SCF/B1) (INCHES) (PSI) ZONE
05/83 Pulled out sand sample from 14422 ft.
04/86 Cleaninig job from 14441 to .14579 ft.
07/86 Checking total depth and tools were impregned
asphalt.
11/87 Asphalt cleaning job.
04/88 Set separation tool at 14481 ft. to produce zone I
06/88 1507 1146 24.0 1419 O.L I
12/88 1268 1129 11.0 1587 O.L
09/89 951 666 30.0 1187 O.L
10/89 840 588 30.0 1610 O.L 260
01/91 447 224 50.0 1852 O.L 150
06/91 495 248 50.0 3745 O.L 160 I
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TABLE B 4
Well VLG-3714 Producing Interval Information
And Production History
Formation Intervals Zone Subuni'
B - Lower 14514-528 I B-6.0
14542-551 I B-6.3
14577-588 I B-6. 3
14618-630 II B-6.6
14642-656 II B-6. 6
Date




01/88 792 713 10.0 800 O.L I
03/88 316 301 5.0 2190 O.L
11/88 Sand cleaning job.
04/89 1561 1546 1.0 1231 O.L
11/89 1090 1080 1.0 1524 O.L
02/89 Pumped Hcl to the formation to dissolve scale.
10/90 817 809 1.0 2857 O.L 120
02/91 995 985 1.0 2856 O.L 130
05/91 597 591 1.0 1109 O.L 140 I
06/91 478 473 1.0 1000 O.L 100
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TABLE B 5
Well VLG-3715 Producing Interval Information
And Production History
Formation Intervals Zone Subunit
B - Lower 14806-814 I B-6. 0
14820-834 I
14835-850 I
14860-870 I B-6. 3
14885-904 I




Qf Qo BS&W GOR CHOKE THP
Date (STB/D)(STB/D) (%) (SCF/B1) (INCHES) (PSI) ZONE
10/88 261 157 40.0 3749 1/2 320
11/88 Matrix acidizing job.
12/88 2138 1711 20.0 845 O.L I
12/89 2183 2140 2.0 719 O.L
07/90 923 914 1.0 1066 O.L 290
10/90 856 847 1.0 2868 O.L 220
01/91 973 963 1.0 2897 O.L 220
02/91 715 708 1.0 3100 O.L 140
03/91 603 596 1.0 4340 O.L 140 I
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TABLE B 6
Well VLG-3718 Producing Interval Information
And Production History
Formation Intervals Zone




Qf Qo BS&W GOR CHOKE THP
Date (STB/D)(STB/D) (%) (SCF/B1) (INCHES) (PSI
05/87 1836 1781 0.3 972 1/2 1400
06/87 3512 3407 0.3 735 5/8 1350
07/87 4090 4050 1.0 962 1 600
10/87 4080 4040 1.0 1123 O.L 600
04/88 2931 2902 1.0 1569 O.L
07/88 2685 2632 2.0 1045 O.L 340
10/88 923 905 2.0 1289 O.L
11/88 Sand cleaning j ob.
12/88 2580 2551 1.0 640 7/8 700
05/89 2192 2170 1.0 1121 O.L 250
12/89 Solid content 18.36 Lbs/Mbl.
04/90 1329 1316 1.0 3743 O.L 130
10/90 642 636 1.0 3116 O.L 120
03/91 Sand cleaning j ob.







Well VLG-3719 Producing Interval Information
And Production History
Formation Intervals Zone






Qf Qo BS&W GOR CHOKE THP
Date (STB/D)(STB/D) (%) (SCF/B1) (INCHES) (PSI
09/86 4216 4090 3.0 1586 3/4 600
10/86 1725 1725 0.0 808 3/4 340
10/86 Asphaltene cleaning job.
05/87 2354 2331 1.0 709 1/2 1000
06/87 Pumped Hcl to dissolve scale.
09/87 3148 3086 2.0 847 1 550
04/88 2432 2408 1.0 1480 3/4
12/89 1129 1127 1.0 1777 1/2 570
12/89 Asphalt cleaning job.
01/90 1650 1634 1.0 1869 3/4
01/90 Solid content 16.19 Lbs/Mbl.
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TABLE B 8




















Qf Qo BS&W GOR 
(STB/D)(STB/D) (%) (SCF/B1)Date
09/88 628 610 3.0 494 O.L
10/88 570 553 3.0 1278 O.L
10/88 Isolated zone III to evaluate I & II. 
12/88 180 179 1.0 868 O.L
02/89 Isolated zones I & II to evaluate III. 
02/89 333 331 1.0 O.L
10/89 Scale cleaning job.
03/90 401 321 20.0 1953 O.L
05/90 Solid content 7.1 Lbs/Mbl.
10/90 287 14 95.0 O.L
12/90 Solid content 1.17 Lbs/Mbl.
01/91 155 16 90.0 O.L

































Qf Qo BS&W GOR CHOKE THP
Date (STB/D)(STB/D) (%) (SCF/B1) (INCHES) (PSI)
04/88 1276 1148 10. 0 532 5/8
06/88 1446 1360 6.0 981 3/4
06/88 Evaluating zone II.
06/88 1829 1610 12. 0 1921 3/4
06/88 357 315 12. 0 1419 3/4
06/88 Obstruction detected at 10124 ft.
10/88 892 839 6.0 185 3/4 250
03/89 707 587 17.0 715 3/4 180
09/89 790 664 16.0 1212 3/4
I,II
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Qf Qo BS&W GOR 
Date (STB/D)(STB/D) (%) (SCF/B1)
02/90 Solid content 4.75 Lbs/Mbl.
03/90 826 628 24.0 3402
08/90 Solid content 14.16 Lbs/Mbl.
10/90 634 444 30.0 5031
11/90 Solid content 15.13 Lbs/Mbl.
01/91 Sand cleaning job.








Well VLG-3728 Producing Interval Information
And Production History
Formation Intervals Zone Subunit
B - Lower 14480- 494 I B
14532- 542 I B-
14560- 568 I B
Date








07/89 2028 1988 2.0 1096 O.L
01/90 1300 1274 2.0 2475 O.L
01/90 Solid content 1.9 Lbs/Mbl.
08/90 1074 1053 2.0 3284 O.L
11/90 1028 1007 2.0 4033 O.L 120
01/91 Solid content 3.49 Lbs/Mbl.
02/91 Asphaltene content 0.90.
03/91 1065 1044 2.0 1051 O.L 140
04/91 1032 1011 2.0 1186 O.L 145
05/91 1062 1041 2.0 1122 O.L 150



































06/88 1297 1272 2.0 655 1/2 620
06/88 Solid content 0.90 Lbs/Mbl.
07/88 2201 2157 2.0 915 3/4 600
07/88 Solid content 2.2 Lbs/MbL.
07/88 2595 2544 2.0 1053 1 420
08/88 Solid content 12.4 Lbs/Mbl.
11/88 2423 2375 2.0 1077 1 400
02/89 2508 2458 2.0 1063 1
05/89 2586 2535 2.0 1365 1 380
11/89 2368 2321 2.0 1280 1 330
02/90 2205 2161 2.0 1631 1 330
04/90 Solid content 10.38 Lbs/Mbl.
07/90 1820 1784 2.0 2251 1 310
10/90 1866 8129 2.0 2099 O.L 280
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Qf Qo BS&W GOR CHOKE THP
Date (STB/D)(STB/D) (%) (SCF/B1) (INCHES) (PSI) ZONE
10/90 1866 1829 2.0 2099 O.L 280
01/91 1710 1659 3.0 1806 O.L 220
03/91 1600 1552 3.0 2212 O.L 220
06/91 1766 1713 3.0 1127 O.L 200
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TABLE B 12
Well VLG-3733 Producing Interval Information
And Production History
Formation Intervals Zone Subunit
B - Lower 14454-461 I B-■6.0
14468-488 I
14506-512 I B- 6.3
14518-540 I
Qf Qo BS&W GOR CHOKE THP
Date (STB/D)(STB/D) (%) (SCF/B1) (INCHES) (PSI) ZONE
12/90 243 233 4.0 10000 1 150 I
01/91 157 154 2.0 10000 1 150
02/91 Matrix acidizing job.
03/91 396 388 2.0 7528 1 160
04/91 476 466 2.0 3416 O.L 190
05/91 472 463 2.0 3861 O.L 190
06/91 466 457 2.0 3308 O.L 120 I
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TABLE B 13
Well VLG-37 3 6 Producing Interval Information
And Production History
Formation Intervals Zone Subunit










15134- 141 I B-■6.3
15148- 174 I
Date








04/89 Sand cleaning job.
05/89 2860 2860 0.0 1450 3/4 310 I
09/89 Recovered sand sample.
11/89 1464 1347 8.0 1560 5/8
12/89 2056 2015 2.0 2606 7/8
01/90 1892 1855 2.0 1999 1
03/90 1364 1350 1.0 1618 3/4 300
04/90 Solid content 21.08 Lbs/Mbl.
05/90 663 656 1.0 3282 3/4
05/90 Sand cleaning job.
06/90 1119 1085 3.0 5626 3/4 380
06/90 1189 1153 3.0 1359 1 400
12/90 1231 1194 3.0 3247 1 130
02/91 1223 1186 3.0 2883 1 140
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Qf Qo BS&W GOR CHOKE THP
Date (STB/D)(STB/D) (%) (SCF/B1) (INCHES) (PSI) ZONE
0 5 / 9 1  1 3 4 3  1 3 0 3  3 . 0  1 4 7 3  1 1 5 0








INITIAL WATER SATURATION %
PERMEABILITY MD
OIL VOLUMETRIC FACTOR RB/STB




























TABLE B 15 
PVT Fluid Properties 
Lower Eocene B
VLG-3693 VLG-3707 VLG-3715 VLG-3718
38.57 37.4 39.5 36.5
3,556.0 4,154.0 3,604. 4,200.0
1.760 1.816 1.687 2.013
1.233.0 1,279.0 995.0 1,051.0
1.411 0.283 0.288 0.418






S w K rw K ro
0. 1 7 5 0.000 0 . 8 7 0
0 . 2 2 3 0.000 0 . 6 2 4
0 . 2 7 6 0.000 0 . 4 3 6
0. 3 2 9 0 . 0 1 2 0 . 2 9 2
0. 3 8 2 0. 0 1 8 0. 1 9 2
0 . 4 3 5 0. 0 2 5 0. 1 2 2
0 . 4 8 8 0. 0 3 7 0 . 0 7 6
0 . 5 7 0 0 . 0 5 6 0. 0 4 6
0 . 6 5 0 0. 0 9 0 0 . 0 2 5
0 . 7 0 0 0 . 1 2 0 0 . 0 0 0





S w K  , rw Knrg
0. 6 0 0 0. 0 0 0 0 . 8 6 0
0 . 6 5 0 0. 0 1 4 0 . 4 5 0
0 . 7 0 0 0 . 0 3 8 0 . 3 2 5
0 . 7 5 0 0. 0 8 0 0 . 2 0 0
0 . 8 0 0 0. 1 3 5 0. 1 3 5
0 . 8 5 0 0 . 2 0 0 0 . 0 9 0
0 . 9 0 0 0 . 4 0 0 0 . 0 4 0
0 . 9 5 0 0. 6 0 0 0 . 0 2 5
1 . 0 0 0 0. 6 0 0 0 . 0 0 0
These values are measured.
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TABLE B 18 























These values are measured.
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TABLE B 19 
Perforating Parameter Guideline
FLUID IN HOLE 
HIGH SOLID MUD 



















Source: Production Optimization By H. Dale Beggs(3).
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TABLE B 20
Flow Regime Estimating Data
Lower Eocene B
WELL No. VLG-3693 VLG-3707 VLG-3710 VLG-3714
SUBUNIT B-6.0 B-6.0 B-6.3 B-6.0 B-6.0 B-6.3
DL
(INCH) 12.0 12.0 12.0 12.0 12.0 12.0
a,(INCH) 8.0 8.0 8.0 8.0 8.0 8.0
Kv/Kr 0.6 0.6 0.6 0.6 0.6 0.6
PHASE
(DEG.) 0.0 • 60.0 60.0 90.0 90.0 90.0
(Inch) 9.0 7.0 7.0 16.0 12.0 12.0
r d D(INCH) 1.0 1.0 1.0 1.0 1.0 1.0
(5:NCH) 0.5 0.5 0.5 0.5 0.5 0.5
Kdp/Kr 0.2 0.2 0.2 0.2 0.2 0.2
Kd/Kr 0.4 0.4 0.4 0.4 0.4 0.4
Qo
(STB/D) 1,800.0 300.0 700.0 500.0 500.0 500.0
OIL DENS.
(LBS/CF) 51.87 52.2 52.2 52.1 52.1 52.1
OIL VISC.
(CP) 1.41 0.29 0.29 0.19 0.29 0.29
Bo #(RB/STB) 1.76 1.82 1.82 1.69 1.69 1.69
K o(MD) 60.0 217.0 365.0 18.0 220.0 134.0
ER-4157
WELL No. VLG-3693 VLG-3707 VLG-3710 VLG-3714
SUBUNIT B-6.0 B-6.0 B-6.3 B-6.0 B-6.0 B-6.:
P * 1 0 7
(FEET.*-1) 0.19 4.1 1.9 0.54 4.1 7.3
H (FEET) 90.0 120.0 75.0 80.0 80.0 57.0
Lp 10.0 24.0 24.0 20.0 14.0 24.0
N 50.0 288.0 288.0 80.0 56.0 96.0
Sp 3.0 0.0 0.0 -0.7 -0.4 -0.4
Sd 0.8 0.6 0.6 0.0 0.1 0.1




WELL NO. VLG-3715 VLG-3718 VLG-3719
SUBUNIT B-6.0 B-6.3 B-6.6 B-6.0 B-6.3 B-6.0 B-6.3
DL
(INCH) 12.0 12.0 12.0 12.0 12.0 12.0 12.0
(INCH) 10.0 10.0 10.0 5.5 5.5 8.0 8.0
Kv/Kr 0.6 0.6 0.6 0.6 0.6 0.6 0.6
PHASE
(DEG.) 0.0 0.0 0.0 0.0 0.0 90.0 90.0
( I n c h )  11.0 11.0 11.0 11.0 11.0 10.0 10.0
(?NCH) 1.0 1.0 1.0 1.0 1.0 1.0 1.0
( I n c h )  0.5 0.5 0.5 0.5 0.5 0.5 0.5
Kdp/Kr 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Kd/Kr 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Qo
(STB/D) 720.0 590.0 190.0 1,200.0 300.0 700.0 1,300.0
OIL DENS.
(LBS/CF) 51.6 51.6 51.6 52.5 52.5 52.5 52.5
OIL VISC.
(CP) 0.29 0.29 0.29 0.42 0.42 0.29 0.29
B o(RB/STB) 1.69 1.69 1.69 2.01 2.01 1.69 1.69
K o
(MD) 3 0 1 . 0  2 4 2 . 0  4 7 . 0  2 5 6 . 0  3 3 6 . 0  1 8 9 . 0  3 2 7 . 0
(continued)
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WELL No. VLG-3715 VLG-3718 VLG-3719
SUBUNIT B-6.0 B-6.3 B-6.6 B-6.0 B-6.3 B-6.0 B-6.3
p * i o 7
(FEET-1) 2.8 3.6 0.3 3.4 2.4 4.8 4.8
H (FEET) 111.0 65.0 270.0 103.0 57.0 110.0 52.0
Lp (FEET) 57.0 29.0 54.0 46.0 46.0 28.0 25.0
N 228.0 116.0 216.0 184.0 184.0 112.0 100.0
Sp 3.0 3.0 3.0 3.0 3.0 -0.4 -0.4
Sd 0.7 0.7 0.7 1.1 1.1 0.3 0.3
Sdp 0.02 0.03 0.04 0.02 0.01 0.06 0.04
(continued)
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WELL No. VLG-3721 VLG-3724 VLG-3726 VLG-3727 VLG-3728
SUBUNIT B-6.6 B-6.0 B-6.0 B-6.0 B-6.3 B-6.0 B-6.3
DL
(INCH) 12.0 12.0 12.0 12.0 12.0 12.0 12.0
A(INCH) 5.5 8.0 8.0 8.0 8.0 10.0 10.0
Kv/Kr 0.6 0.6 0.6 0.6 0.6 0.6 0.6
PHASE
(DEG.) 0.0 90.0 90.0 120.0 120.0 90.0 90.0
(5:NCH) 12.0 12.0 12.0 11.0 11.0 12.0 12.0
r dD(INCH) 1.0 1.0 1.0 1.0 1.0 1.0 1.0
('iNCH) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Kdp/Kr 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Kd/Kr 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Qo
(STB/D) 200.0 400.0 200.0 470.0 330.0 580.0 420.0
OIL DENS.
(LBS/CF) 52.5 52.5 52.5 52.5 52.5 52.5 52.5
OIL VISC.
(CP) 0.29 0.29 0.29 0.29 0.29 0.29 0.29
Bo(RB/STB) 1.63 1.69 1.63 1.69 1.69 1.69 1.69
K0(MD) 210.0 104.0 55.0 238.0 170.0 238.0 170.0
(continued)
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WELL No. VLG-3721 VLG-3724 VLG-3726 VLG-3727 VLG-3728
SUBUNIT B-6.6 B-6.0 B-6.0 B-6.0 B-6.3 B-6.0 B-6.3
P * 1 0 7
(FEET-1) 0.38 9.9 0.2 3.7 5.5 3.7 5.5
H (FEET) 376.0 109.0 90.0 123.0 52.0 123.0 52.0
Lp (FEET) 46.0 22.0 16.0 21.0 16.0 14.0 18.0
N 184.0 88.0 64.0 84.0 64.0 56.0 72.0
Sp 3.0 -0.4 -0.4 -0.1 -0.1 -0.5 -0.5
Sd 1.1 0.15 0.10 0.2 0.2 0.2 0.2
Sdp 0.08 0.10 0.15 0.12 0.10 0.27 0.1
(continued)
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WELL No. VLG-3730 VLG-3733 VLG-3736
SUBUNIT B-6.0 B-6.3 B-6.0 B-6.3 B-6.0 B-6.3
DL
(INCH) 12.0 12.0 12.0 12.0 12.0 12.0
A,(INCH) 8.0 8.0 8.0 8.0 8.0 8.0
Kv/Kp 0.6 0.6 0.6 0.6 0.6 0.6
PHASE
(DEG.) 60.0 60.0 90.0 90.0 60.0 60.0
(5lNCH) 7.0 7.0 9.0 9.0 12.0 12.0
($NCH) 1.0 1.0 1.0 1.0 1.0 1.0
r
(?INCH) 0.5 0.5 0.5 0.5 0.5 0.5
Kdp/Kr 0.2 0.2 0.2 0.2 0.2 0.2
Kd/Kr 0.4 0.4 0.4 0.4 0.4 0.4
Qo
(STB/D) 740.0 1,260.0 185.0 315.0 840.0 660.0
OIL DENS.
(LBS/CF) 52.5 52.5 52.5 52.5 51.6 51.6
OIL VISC.
(CP) 0.29 0.29 0.29 0.29 0.29 0.29
B o(RB/STB) 1.69 1.69 1.82 1.82 1.69 1.69
K o(MD) 189.0 327.0 110.0 184.0 301.0 242.0
(continued)
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WELL No. VLG-3730 VLG-3733 VLG-3736
SUBUNIT B-6.0 B-6.3 B-6.0 B-6.3 B-6.0 B-6.3
P * 1 0 7
(FEET_1) 4.3 2.2 8.9 4.4 2.4 3.2
H (FEET) 110.0 52.0 102.0 67.0 97.0 96.0
Lp (FEET) 38.0 31.0 20.0 28.0 25.0 33.0
N 456.0 372.0 80.0 112.0 125.0 165.0
Sp 0.3 0.3 -0.2 -0.2 -0.25 -0.25
Sd 0.35 0.35 0.1 0.1 0.21 0.21





WELL No. VLG-3693 VLG-3707 VLG-3710 VLG-
SUBUNIT B-6.0 B-6.0 B-6.3 B-6.3 B-6.0 I
0.52 0.022 0.021 0.023 0.029
0.22 0.004 0.001 0.02 -0.0009 C
Bp**10**-7 2.6 34 40 8.6 66
Bp*!0 * *-9 0.7 72 380 0.2 5.5
(Ar+Ap)*qsc 1,332.0 7.6 15.6 106.0 13.9
(B+BJ*q **2 1.06 0.003 0.02 0.22' r p ' ^-sc 0.02














WELL No. VLG-3715 VLG-3718 VLG-3719
SUBUNIT B-6.0 B-6.3 B-6.6 B-6.0 B-6.3 B-6.0 B-6.3
Ar 0.016 0.035 0.043 0.04 0.05 0.025 0.03
Ap 0.006 0.013 0.016 0.014 0.019 -0.001 -0.0013
Bp*10 * *-7 18.0 69.1 9.5 68.3 1.6 41.0 9.5
Bp*10**-9 134.0 25.8 15.5 557.0 393.0 40.3 330.0
(Ar+Ap)*qsc 16.0 28.32 11.21 64.2 20.7 16.8 37.4
(Br+Bp) *qsc**2 0.001 0.024 0.03 0.1 0.014 0.02 1.6




WELL No. VLG-3721 VLG-3724 VLG-3726 VLG-3727 VLG-
SUBUNIT B-6.0 B-6.0 B-6.0 B-6.0 B-6.3 B-6.0 ]
Ap 0.007 0.005 0.1 0.017 0.06 0.18
Ap 0.003 0.002 -0.003 0.0004 -0.001 -0.006
Bp*10 * *-7 38.0 86.0 4.5 25.0 2.1 0.2
Bp*10 * *-9 41.0 2.2 0.3 9.8 4.3 4.98
(Ap+A ) *qsc 1.9 8 17.3 18.9 8.0 19.1 98.6
(Bp+Bp) *qsc**2 0.002 0.014 0.02 0.006 0.02 0.009














WELL No. VLG-3730 VLG-3733 VLG-3736
SUBUNIT B-6.0 B-6.3 B-6.0 B-6.3 B-6.0 B-6.3
Ar 0.025 0.03 0.05 0.04 0.02 0.02
Ap 0.001 0.0012 -0.0007 -0.0009 -0.0005 0.0
Br*10**-7 37.0 1.6 1.02 1.2 26.0 35.0
Bp*10**-9 9,800.0 270.0 3.3 43.0 12.0 11.0
(Ar+Ap) *qsc 19.3 38.0 9.1 12.6 16.8 12.8
(B +B ) *q * * 2 0.02 0.25 0.004 0.01 0.02 0.02' r p' -̂sc




Evaluation Of Actual Perforations
Lower Eocene B






















VLG-3707 12 60 7.00 1. 1 1.05 1.00
VLG-3710 4 90 16.00 1.05 0.95 0.73
VLG-3714 4 90 11.71 0.98 0.88 0. 68
VLG-3715 4 90 11.71 0.98 0. 88 0. 68
VLG-3718 4 0 10.92 0.84 0.74 0. 54
VLG-3719 4 90 10.00 0.90 0. 80 0.60
VLG-3721 4 0 10.92 0.84 0.74 0.54
VLG-3724 4 90 11.71 0.98 0. 88 0.68
VLG-3727 4 120 11.00 0.96 0. 86 0.66
VLG-3728 4 90 11.71 0.98 0. 88 0.68
VLG-3730 12 60 7.0 1. 15 1.08 1.00
VLG-3733 4 90 8.92 0.70 0.50 0.30
VLG-3736 5 60 16. 00 1.17 1. 12 1. 10
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TABLE B 23
Evaluation Of Proposed Perforations
Lower Eocene B
SHOT TOTAL PRODUCTIVITY RATIO















VLG-3707 8 90 12. 00 1.20 1. 14 1. 10
VLG-3710 8 90 12. 00 1.20 1. 14 1. 10
VLG-3714 8 90 12. 00 1.20 1. 14 1. 10
VLG-3715 8 90 12. 00 1.20 1. 14 1. 10
VLG-3718 8 90 12.00 1.20 1.14 1. 10
VLG-3719 8 90 12.00 1.20 1. 14 1. 10
VLG-3721 8 90 12. 00 1.20 1.14 1.10
VLG-3724 8 90 12. 00 1.20 1. 14 1. 10
VLG-3727 8 90 12.00 1.20 1.14 1. 10
VLG-3728 8 90 12.00 1.20 1. 14 1.10
VLG-3730 8 90 12.00 1.20 1.14 1.10
VLG-3733 8 90 12. 00 1.20 1.14 1.10
VLG-3736 8 90 12. 00 1.20 1.14 1.10
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TABLE B 24
Underbalance Pressure For Consolidated Formations
Lower Eocene B
WELL No. VLG-3693 VLG-3707 VLG-3710 VLG-3714
CASING
O.D (INCH.) 4-1/2 9-5/8 7 7
GRADE P-110 P-110 P-110 P-110
WEIGHT (LBS/FT.) 43.5 53.5 35.0 15.1
COLLAPSE
PRESSURE (PSIA) 10,680 7,950 13,020 13,020
TUBING
O.D (INCH.) 2-7/8 2-7/8 2-7/8 2-7/8
GRADE N-80 N-80 N-80 N-80
WEIGHT (LBS/FT.) 6.5 6.5 6.5 6.5
COLLAPSE
PRESSURE (PSIA) 11,160 11,160 11,160 11,160
AVG. COLLAPSE
PRESSURE (PSIA) 10,920 9,555 12,090 12,090
MAX COLLAPSE
PRESSURE (PSIA) 5,460 4,800 6,045 6,045
MIN. PRESSURE
DIFFERENTIAL (PSIA) 1,200 900 970 965
MIDDLE POINT
PRESSURE (PSIA) 3,330 2,850 3,508 3,505
OPTIMUM PRESS
DIFFERENTIAL(PSIA) 4,400 3,825 4,780 5,029
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WELL No. VLG-3718 VLG-3719 VLG-3721 VLG-3724
CASING
O.D (INCH.) 4-1/2 7 7 4-1/2
GRADE P-110 P-110 P-110 P-110
WEIGHT (LBS/FT.). 15.1 35.0 15.1 35.0
COLLAPSE
PRESSURE (PSIA) 14,350 13,020 14,350 13,020
TUBING
O.D (INCH.) 2-7/8 2-7/8 2-7/8 2-7/8
GRADE N-80 N-80 N-80 N-80
WEIGHT (LBS/FT.) 6.5 6.5 6.5 6.5
COLLAPSE
PRESSURE (PSIA) 11,160 11,160 11,160 11,160
AVG. COLLAPSE
PRESSURE (PSIA) 12,800 12,090 12,800 12,090
MAX COLLAPSE
PRESSURE (PSIA) 6,400 6,045 6,400 6,045
MIN. PRESSURE
DIFFERENTIAL (PSIA) 920 925 1,210 1,150
MIDDLE POINT
PRESSURE (PSIA) 3,660 3,485 3,805 3,598
OPTIMUM PRESS.
DIFFERENTIAL (PSIA) 5,030 4,770 5,100 4,820
(continued)
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WELL No. VLG-3726 VLG-3727 VLG-3728 VLG-3730
CASING
O.D (INCH.) 7 7 9-5/8 7
GRADE P-110 P-110 P-110 P-110
WEIGHT (LBS/FT.) 35.0 35.0 53.5 35.0
COLLAPSE
PRESSURE (PSIA) 13,020 13,020 7,950 13,020
TUBING
O.D (INCH.) 2-7/8 2-7/8 2-7/8 2-7/8
GRADE N-80 N-80 N-80 N-80
WEIGHT (LBS/FT.) 6.5 6.5 6.5 6.5
COLLAPSE
PRESSURE (PSIA) 11,160 11,160 11,160 11,160
AVG. COLLAPSE
PRESSURE (PSIA) 12,090 12,090 9,555 12,090
MAX COLLAPSE
PRESSURE (PSIA) 6,045 6,045 4,800 6,045
MIN. PRESSURE
DIFFERENTIAL (PSIA) 1,200 958 958 925
MIDDLE POINT
PRESSURE (PSIA) 3,623 3,502 2,900 3,485
OPTIMUM PRESS.









































TABLE B 25 




























RHO (GR/CC) 2.4 2.5 2.4
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WELL No. VLG-3718 VLG-3719 VLG-3721 VLG-3726 VLG-3728
TOP SHALE




RHO (GR/CC) 2.30 2.50 2.4 2.4
BOTTOM SHALE





















































































Pm (PSIA) 433 
PMd (PSIA) 1,710 
PMs (PSIA) 1,828 










































Pm (PSIA) 610 
PMd (PSIA) 1,710 
PMs (PSIA) 1,828 


















































































Underbalance Pressure Data Using Graphical Method
Lower Eocene B
WELL No. VLG-3693 VLG-3707 VLG-3710 VLG-3714
SUBUNIT B-6.0 B-6.0 B-6.3 B-6.0 B-6.0 B-6.3
K (MD) 92.0 249.0 419.0 223.0 253.0 154.0
RHO
(GR/CC) 2.44 2.44 2.44 2.44 2.44 2.44
T.T
(mSEC/FT.) 88.0 88.0 88.0 88.0 88.0 88.0
PMd (PSIA) 1,715 1,715 1,715 1,715 1,715 1,715
PMs (PSIA) 1,825 1,825 1,825 1,825 1,825 1,825
Pm (PSIA) 650 470 390 455 470 560
PMPd (PSIA) 1,183 1,093 1,053 1,085 1,093 1,138
PMPs (PSIA) 1,238 1,148 1,108 1,140 1,148 1,193
PDd (PSIA) 1,450 1,404 1,384 1,400 1,404 1,427































































WELL No. VLG-3721 VLG-3724 VLG-3726 
SUBUNIT B-6.0 -B-6.0 B-6.0





PMd (PSIA) 1,715 1,715 
PMs (PSIA) 1,825 1,825
Pm (PSIA) 600 570
PMPd (PSIA) 1,158 1,143
PMPs (PSIA) 1,213 1,198
PDd (PSIA) 1,437 1,429




























WELL No. VLG-3730 VLG-3733 VLG-3736
SUBUNIT B-6.0 B-6.3 B-6.0 B-6.3 B-6.0 B-6.3
K (MD) 217.0 376.0 249.0 419.0 346.0 278.0
RHO
(GR/CC) 2.44- 2.44 2.44 2.44 2.44 2.44
T.T
(mSEC/FT.) 88.0 88.0 88.0 88.0 88.0 88.0
PMd (PSIA) 1,715 1,715 1,715 1,715 1,715 1,715
PMs (PSIA) 1,825 1,825 1,825 1,825 1,825 1,825
Pm (PSIA) 485 390 470 390 400 440
PMPd (PSIA) 1,100 1,053 1,093 1,053 1,058 1,078
PMPs (PSIA) 1,155 1,108 1,148 1,108 1,113 1,133
PDd (PSIA) 1,408 1,384 1,404 1,384 1,387 1,397




Underbalance Pressure Results Using Exxon Equation
Lower Eocene B
WELL No. VLG-3693 VLG-3707 VLG-3710 VLG-3714
SUBUNIT B-6.0 B-6.0 B-6. 3 B-6.0 B-6.0 B-6.3
TOP OF STRUC.
(FEET) 14,290 14,380 14,500 14,332 14,460 14,540
FCS (PSIA) 12,392 12,392 12,392 12,392 12,392 12,392
TES (PSIA) 21,066 21,066 21,066 21,066 21,066 21,066
OP (PSIA) 15,719 15,818 15,950 15,765 15,906 15,994
FP (PSIA) 6,598 4,600 4,600 4,600 4,700 4,700
MPP (PSIA) -5,347 -5,248 -5,116 -5,301 -5,160 -5,072























































WELL No. VLG-3719 VLG-3721 VLG-3724 VLG-3726
SUBUNIT B-6.0 B-6.3 B-6.0 B-6.0 B-6.0
TOP OF STRUC.
(FEET) 14,970 15,080 15,582 15,150 15,980
FCS (PSIA) 12,392 12,392 12,392 12,392 12,392
TES (PSIA) 21,066 21,066 21,066 21,066 21,066
OP (PSIA) 16,467 16,588 17,140 16,665 17,578
FP (PSIA) 3,870 3,870 5,300 5,000 5,000
MPP (PSIA) -4,599 -4,478 -3,926 -4,401 -3,488
MDP (PSIA) 8,469 8,348 9,226 9,401 8,488
(continued)
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WELL No. VLG-3727 VLG-3728 VLG-3730
SUBUNIT B-6.0 B-6.3 B-6.0 B-6.3 B-6.0 B-6.3
TOP OF STRUC.
(FEET) 15,097 15,220 15,097 15,220 14,742 14,853
FCS (PSIA) 12,392 12,392 12,392 12,392 12,392 12,392
TES (PSIA) 21,066 21,066 21,066 21,066 21,066 21,066
OP (PSIA) 16,607 16,742 16,607 16,742 16,216 16,338
FP (PSIA) 3,800 3,800 3,900 3,900 4,600 4,600
MPP (PSIA) -4,459 -4,324 -4,459 -4,324 -4,850 -4,728


































































* Figures A 
some of the
TABLE B 29 
WELL PRODUCTION HISTORY SUMMARY
SUBUNIT PROD. PERF. COMPLETION STRUCTURAL





















FINES (3,100 PSI)(70 LBS/CF)
OVER WATER
(2,100 PSI)
SAND OVER GAS OIL
FINES (1,400 PSI)
SAND OVER BRINE
FINES (1,500 PSI)(70 LBS/CF)
SAND OVER BRINE
FINES (1,100 PSI)(75 LBS/CF)
SAND OVER BRINE
FINES (2,900 PSI)(75 LBS/CF)
SAND OVER BRINE
FINES (2,300 PSI)(72 LBS/CF)















MIDSAND UNDER GAS OIL
FINES (2,600 PSI)
14 through 26 show the production histories of
wells of this field.
